make up a higher proportion of dying cells, and since their lag phase is increased, they are at a disadvantage for maintaining their dominance over species present in lower numbers. When bacteria are subcultured to fresh medium, growth rates increase and bacteria not at the stationary growth phase have an advantage because of the increased lag period of the species in the stationary phase. Prolonged incubation at room temperature probably helps, because a lower temperature slows the onset of the period of decline for species in their stationary phases. 6 Thus, if a Salmonella spp. reaches the stationary phase early in the course of incubation, its numbers are more likely to remain high until subcultured if incubation is at room temperature rather than at 37 or 42 C.
Although delayed secondary enrichment increases the Salmonella isolation rate, it also increases labor and media costs. But increased sensitivity will decrease the number of samples required to reach a certain confidence level. For example, on a farm with 500 pigs, if it is assumed that 5% are culture positive by conventional enrichment, samples from 55 pigs must be cultured to be 95% confident of finding one Salmonella-positive pig. 9 If 10% of the animals (samples) are culture positive by delayed secondary enrichment, only 28 pigs must be sampled to be 95% confident of finding a culture-positive animal. 9 The reduced costs from decreased numbers of samples will help offset the increased cost of delayed secondary enrichment. Each laboratory must decide on a case-by-case basis whether the benefits are worth the increased time and materials. United States. 6 It is a metastrongylid nematode with slug and snail intermediate hosts. 12 Adult worms are found in the cranial subarachnoid space, in the cranial venous sinuses, and, occasionally, in the spinal subarachnoid space. 3, 16 Eggs are usually deposited directly into venous sinuses and carried via the circulation to the lungs, where they embryonate into first-stage larvae. 16 Eggs deposited in the meninges embryonate, and larvae penetrate venous sinuses and are carried to the lungs. 16 First-stage larvae are passed in the feces after being swallowed, following tracheal migration. 16 Lar- vae then penetrate the foot pads of terrestrial mollusks (snails and slugs), the obligatory intermediate hosts, and develop to infective third-stage larvae in 3-4 weeks. 16 Deer become infected by accidental ingestion of infected gastropods. Larvae penetrate the alimentary tract and migrate by way of the peritoneum to the spinal cord in approximately 10 days. 12 They develop to adults in approximately 20-30 days in the dorsal gray columns of the cord at all levels and then migrate to the subarachnoid space. 16 Some penetrate dural veins and sinuses. 12 Larvae do relatively little damage to the spinal cord of the definitive host, yet they may cause severe neurologic disease in a number of aberrant hosts, including blackbuck 19 and sable antelope, 18 moose, 16 wapiti, 16, 20 caribou, 16 reindeer, 16, 18 mule deer, 16 fallow deer, 17 black-tailed deer, 6 llamas, 1, 4, 8, 15, 22 sheep, 3, 11, 16 and goats. 3, 10, 14, 16, 21 A previous report suggested that cattle are refractory to infection. 7 In this paper, we report a case of naturally occurring cerebrospinal parelaphostrongylosis in a heifer and compare the macroscopic and histopathologic findings with those reported for other aberrant host species.
A 7-month-old Angus heifer developed an acute onset of rear-limb ataxia that was characterized by wobbly gait and incoordination, slightly worse on the left rear. Ataxia progressed to tetraparesis, paralysis, and sternal recumbency over the course of 10 days, yet the animal remained bright and alert and continued to eat. Early in the clinical course of disease, treatment by a referring veterinarian with penicillin, dexamethasone, and thiamine was initiated. With no favorable response to therapy, the animal was presented to the Wytheville Regional Laboratory, Wytheville, Virginia, alive, in good condition, bright and alert, and in sternal recumbency, with urinary incontinence and marked tetraparesis. Euthanasia and necropsy were performed. Selected tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE).
At necropsy examination, all organs were normal except for the lungs, abomasum, and spinal cord. Several lungworms, (Dictyocaulus viviparus) were in the smaller bronchi, especially in the caudodorsal portions of the caudal lobes. Numerous Ostertagia sp. were on the mucosa of the abomasum associated with several small irregular (up to 3 mm diameter) mucosal erosions and ulcers. No macroscopic lesions were seen on the external surface of the spinal cord at necropsy; however, when the cord was trimmed for histopathologic preparation, several grayish white nodules (up to 7 mm in diameter) were visible both at the surface and within cervical, thoracic, and lumbar segments.
Microscopically, there were leptomeningeal and perivascular eosinophilic and lymphoplasmacytic infiltrates in both white and gray matter in all levels of the spinal cord. All funiculi had varying degrees of axonal degeneration with axonal swelling and loss and dilatation of random axonal spaces. Supporting vasculature was lined by hypertrophic endothelial cells. Small fissures and tracts, believed to be migration tracts, were in both white and gray matter and were often associated with focal necrosis, mild hemorrhage, infiltrates of macrophages, and fewer eosinophils, lymphocytes, and plasma cells. At several levels of the cord, including the cervical, thoracic, and lumbar segments, there was multifocal architectural effacement by expansile nodules of lymphoid hyperplasia that often had germinal centers. These nodules were limited to white matter tracts of the dorsal and lateral funiculi and were located adjacent to the surface and intramedullary (Fig. 1 ). Cross sections of coiled nematodes were present in a dorsal gray column and dorsal aspect of a lateral funiculus of cervical and lumbar cord segments, respectively (Figs. [2] [3] [4] [5] .
The nematodes in the sections measured 80-200 m in diameter. The worms were immature and had no eggs or larvae in the reproductive ducts. They were identified as P. tenuis based on cross-sectional diameter, location, polymy- arian coelomyarian musculature, large multinucleated intestinal cells with microvillous borders and having no more than 2 cells per cross section. 5 Several species of nematodes are known to be neurotropic and, as such, responsible for cerebrospinal nematodiasis in ungulates. Setaria spp. have been associated with aberrant migration through the nervous system in horses, 9 sheep, goats, deer, buffaloes, and humans. 23 Neurological disturbances have also been seen in cattle infected with Setaria spp. 23 The worms observed in this case, however, were not Setaria spp., because the musculature was polymyarian coelomyarian and not divided into distinct dorsal and ventral fields as is characteristic of filarial worms like Setaria. 2, 19 Setaria also lacks the small microvilli that were observed on the intestinal cells. 19 Dictyocaulus viviparus was in the lungs of this heifer, and Ostertagia sp. was in the abomasum. However, the nematodes seen in cross section were not aberrant D. viviparus or Ostertagia sp., because both of these nematodes have a platymyarian musculature rather than the polymyarian coelomyarian musculature characteristic of P. tenuis and related lungworm species. 19 Animals with clinical parelaphostrongylosis exhibit a wide range of signs, and have been characterized as having normal mentation, being bright and alert and having normal appetites, 1,14 being lethargic, 10 lacking fear when approached, 10 or standing away from the herd. 18 Lameness, 18 rear-limb paresis or paralysis, 1, 10, 11, 14, 17, 18, 22 loss of proprioception, 14 patellar hyperreflexia or hyporeflexia, 14 paraplegia, 10,18 tetraplegia, 1,17 recumbency, 11, 15, 17, 18 incoordination, 10,22 ataxia, 1, 8, 11, 14, 15, 18 and hypermetria 8, 15 are common clinical features of the disease. Other symptoms include muscle atrophy, 4, 8, 14, 22 head tilt, 10, 18 drooping ears, 10 dog sitting position, 14 and inability to rise. 15, 18 Macroscopic lesions are usually absent in cases of caprine spinal parelaphostrongylosis 11, 14 or limited to focal asym-metric areas of whitish or, occasionally, greenish discoloration 15 or cavitation, malacia, and hemorrhage. 10, 13 Small areas of meningeal hemorrhage and small linear hemorrhage in the neuropil 15 and petechial hemorrhage in the neuropil of the cervicothoracic spinal cord 1 have been reported for llamas. Similarly, foci of hemorrhage on the surface of the leptomeninges and in the spinal cord 18 and subdural hemorrhage, focal cavitations and hemorrhages in gray matter 18 have been reported in reindeer and sable antelope, respectively. Macroscopic changes in fallow deer spinal cords have been characterized as slight thickening and cloudiness of the lepto-meninges, greenish exudate surrounding some nerve roots, myelomalacia, and slightly raised yellow-to-pink nodules ranging from 2 to 3 mm in diameter and up to 15 mm in length. On cut surface, the nodules had a caseous texture. They were present in cervical, thoracic, and lumbar spinal cord segments and in the cauda equina, with most nodules located in the cervical and lumbar segments. 17 Perivascular cuffs of lymphocytes, plasma cells, and eosinophils have been reported for goats, 10, 14 sheep, 11 llamas, 15 sable antelope, 18 and fallow deer. 17 Nematode larvae were identified in dorsal gray matter columns 1, 14 and submeningeally. 14 Malacia or necrosis was observed for goats, 10,14 llamas, 1, 15 sheep, 11 and fallow deer, 11 with axonal swelling, 1, 10, 11, 14, 15, 17, 18 dilatation of axon sheaths, 1,15 diminished myelin staining, 11 macrophage or gitter cell response, 1, 11, 15 and gliosis. 15 Other changes reported included hemorrhage, 1,15 meningeal inflammatory cell infiltrates, 11, 15 reactive astrocytes and macrophages, 11 occasional chromatolytic neurons, 11 and mineralization. 17 A focal granuloma was reported in the spinal cord of a goat. 15 This case of bovine parelaphostrongylosis is the second to be characterized and reported. A recent report documented the first case of bovine paraelaphostrongylosis. 24 Many of the macroscopic and histopathologic lesions were similar to those described in this and other aberrant species, with one unique difference. The nodular lymphoid hyperplasia seen in this case has not been described for this or other species, except possibly the fallow deer. 17 Nodules described for the spinal cord of a fallow deer with parelaphostrongylosis were composed of both large and small mononuclear cells with germinal centers. Macroscopically, the nodules had caseous centers, and histologically, there were cross sections of dead nematodes centered in them. 17 Those characteristics seemed dissimilar to the changes seen in this Angus heifer, as nematode cross sections were not encountered. The nodules were areas of lymphoid hyperplasia and apparently represented marked response to antigenic stimulation at the site of nematode infection. The formation and presence of these nodules in this case may represent a comparative difference in host species' immune response to P. tenuis or may be due to duration of infection prior to presentation and necropsy.
